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OXYGEN DISSOCIATION CURVES OF THE BLOODS OF MATERNAL
AND FETAL GOATS AS THEY EXIST IN VIVOt
Oxygen dissociation curves of maternal and fetal bloods prepared in vitro
have been described in several species including the goat.' The use of recent
polarographic methods for measuring oxygen tension in blood avoids any
possible alteration in oxygen affinity of the blood during equilibration in
tonometers and could theoretically result in more accurate maternal and
fetal oxygen dissociation curves. Any changes would be reflected in esti-
mates of the average oxygen pressure difference between maternal and
fetal blood in the placenta2 and in measurements of the permeability of the
placenta to oxygen. In order to further quantitate the supply of oxygen to
the goat fetus in utero, we have, therefore, investigated the relationship
between maternal and fetal oxygen dissociation curves in zivo.
MATERIALS AND METHODS
Eleven good grade Nubian goats and seven of their fetuses were available for study.
All the fetuses were in the latter half of the third trimester of gestation. The mother
was anesthetized with methoxyflurane, and plastic catheters were inserted into a
femoral artery and vein and into a large tributary of a uterine vein. In seven animals
a tributary of an umbilical vein and a branch of an umbilical artery were catheterized
without entering the amniotic or allantoic cavities. The distal ends of the catheters
were brought into a nylon container attached to the mother's flank, as previously de-
scribed.8 The animals were allowed to recover and were moved into an altitude cham-
ber while standing unrestrained in a portable crate. Following exposure at selected
altitudes to 15,000 feet, blood, samples were drawn from the indwelling plastic catheters
into greased, glass syringes. Heparin was used as the anticoagulant.
The oxygen content and capacity of each blood sample was determined in duplicate
on 0.5 ml. using the Van Slyke-Neill apparatus. Oxygen capacity was measured after
equilibration of the sample with atmospheric air in a closed syringe and percentage
saturation calculated. The P0,, PCo2 and pH were measured at 370C. in blood samples
of approximately 0.25 ml., using an Instrumentation Laboratories' ultra-micro blood
electrode system, model 113-Si. Gas tensions were determined in duplicate, repeatedly
calibrating the electrodes with standard mixtures of 02-C02 N2 from gas tanks
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accurate to + 0.03% composition by weight of 02 and C02. In correcting for equiva-
lent gas tension, the Po2 of the blood sample was multiplied by an empirical factor of
1.02. Complete equilibration of the samples for oxygen capacity with atmospheric air
was verified with the oxygen electrode. All blood samples were analyzed within
minutes of being obtained. In addition, delayed determinations upon samples stored in
TABLE 1. OXYGEN DIsSOCIATION CURVE DATA FOR MATERNAL GOAT BLOOD
In Vivo AND In Vitro
P02 estimated "Error"
from nomo- of PO.
Pco Percentage Po. gram' in vitro
pH (mm. Hg) saturation (mm. Hg) (mm. Hg) (mm. Hg)
7.31 35.9 58.2 38.0 37.9 0.1
7.39 32.7 73.6 42.3 43.7 1.4
7.40 30.9 70.1 37.0 40.8 3.8
7.40 33.7 71.2 41.1 41.4 0.3
7.40 30.9 72.8 43.1 42.8 0.3
7.41 31.3 76.2 42.7 45.1 2.4
7.42 32.4 60.7 33.6 34.6 1.0
7.42 40.5 66.4 39.7 37.6 2.1
7.42 32.9 71.6 40.9 40.9 0.0
7.42 37.5 73.4 42.0 42.2 0.2
7.42 29.7 73.6 45.7 42.4 3.3
7.42 34.3 75.3 45.1 43.8 1.3
7.43 29.8 45.2 26.7 27.1 0.4
7.43 29.0 63.0 31.2 35.2 4.0
7.44 31.7 75.4 39.9 42.9 3.0
7.44 33.8 76.3 40.8 43.6 2.8
7.45 27.7 46.7 25.5 26.9 1.4
7.45 30.6 68.2 35.3 37.2 1.9
7.45 32.1 74.3 42.2 41.3 0.9
7.45 35.8 75.1 46.1 42.0 4.1
7.45 28.6 77.1 42.2 43.6 1.4
7.46 33.0 41.5 24.7 24.9 0.2
7.47 32.5 64.1 32.9 34.1 1.2
7.47 24.0 68.3 35.5 36.4 0.9
7.48 31.1 74.1 39.7 39.7 0.0
7.49 27.3 30.1 19.5 19.9 0.4
7.49 30.5 70.8 35.9 37.2 1.3
7.51 25.5 40.6 22.5 22.9 0.4
7.52 27.0 71.6 38.8 36.3 2.5
7.53 26.7 15.0 15.6 13.8 1.8
7.54 27.9 59.4 29.8 29.3 0.5
7.54 26.5 72.4 33.9 35.9 2.0
7.57 26.5 46.9 26.1 23.5 2.6
7.58 22.7 64.7 32.4 30.1 2.3
7.61 24.5 56.7 29.1 25.8 3.3
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iced water were checked against immediate analyses and no significant differences
were found.
RESULTS
Thirty-five sets of observations made on maternal goat blood samples
with oxygen saturations below 80% are presented in Table 1. Correspond-
ing data from the fetal goats in the range of 10%o to 80% oxygen saturation
appear in Table 2. In column 5 of Tables 1 and 2 the oxygen tensions are
estimated from nomograms derived from data obtained in vztro.' The dif-
ferences between the measured and the estimated oxygen pressures are
presented in the last column as the "error" of the Po2 in vitro. For ma-
ternal goat blood these differences range from 0 to 4.1 mm. Hg with an
average of 1.6; for fetal blood the range is 0.1 to 4.6 mm. Hg, also with an
average value of 1.6 mm. Hg.
TABLE 2. OXYGEN DISSOCIATION CURVE DATA FOR FETAL GOAT BLOOD
in vivo AND invitro
pH
7.22
7.25
7.26
7.31
7.31
7.32
7.32
7.33
7.33
7.34
7.34
7.34
7.35
7.35
7.36
7.36
7.37
7.39
7.39
7.40
7.40
7.40
7.41
7.43
Pco,
(mm. Hg)
48.9
35.1
41.5
38.6
38.2
35.1
41.6
37.1
33.5
37.4
39.0
39.7
37.9
43.4
39.0
40.6
31.5
40.1
37.9
34.5
33.7
32.1
36.8
29.2
7.44 33.0
Percentage
saturation
45.8
40.9
43.5
51.0
55.0
28.9
31.7
18.7
69.3
13.1
34.5
34.8
27.5
44.1
12.1
64.0
37.2
33.9
58.4
18.3
31.3
62.8
13.4
20.9
38.2
Po_
(mm. Hg)
21.3
17.4
20.3
18.9
19.6
16.9
16.1
10.9
23.8
9.4
17.0
15.5
13.4
18.4
10.0
24.5
14.0
16.4
26.0
11.8
12.1
20.3
8.4
11.2
18.1
Pa estimated
from nomo-
gram'
(mm. Hg)
22.6
20.2
20.7
21.3
22.7
14.9
15.6
11.8
27.9
9.9
15.9
16.0
13.9
18.2
9.4
24.4
15.9
14.7
21.4
10.7
13.8
22.6
9.1
10.8
14.7
"Error"
of Po2
in vitro
(mm. Hg)
1.3
2.8
0.4
2.4
3.1
2.0
0.5
0.9
4.1
0.5
1.1
0.5
0.5
0.2
0.6
0.1
1.9
1.7
4.6
1.1
1.7
2.3
0.7
0.4
3.4
231
Oxygen dissociationVALE JOURNAL OF BIOLOGY AND MEDICINE Decemberl969-Februaryl970
Fig. 1 Maternal and fetal oxygen dissociation curves In
vivo in a goat at term. The average maternal
blood pH Is 7.37 and the fetal 7.31
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Fig. 2 Oxyhemoglobin dissociation
curves in vivo in a goat with average
maternal blood pH 7.50, fetal 7.37.
MATERNAL
Po2 ( mm. Hg )
232
1007
80-
60-
40-
20-
z
CD
x
0
=
6-
~z
0
4-
w
VI
CD
2-
L&J
C-)
o:
LA u-I
0O
LAJ
2
-.D X
I- I-
0
I-
CYt
=3
LA
C.)
,cc
c-o ae-PRYSTOWSKY, BLECHNER, COTTER
The relationship between the maternal and fetal oxygen dissociation
curves as they exist in vivo in a goat at term with twins is shown graphi-
cally in Figure 1. The mother delivered two living kids later in the day of
the study, one weighing 2,520 and the other 2,800 grams. Under physiologic
conditions the fetal curve lies to the left of the maternal, although the
average fetal blood pH measured at 7.31 is more acid than the maternal at
7.37.
In Figure 2 the points on the maternal and fetal whole blood oxyhemo-
globin dissociation curves have been obtained in zivo over a wider range of
oxygen saturation. The average pH of the fetal blood samples is 7.37 and
the average maternal, 7.50. All fetal points lie to the left of the maternal.
Figure 3 demonstrates the two curves as they exist in vivo in a goat with
values of fetal oxygen saturation spanning 6% to 69%o. The fetal curve
remains to the left despite the average fetal blood pH of 7.35, more than
half again as acid as the average maternal of 7.55.
DISCUSSION
The oxygen dissociation curves of the bloods of maternal and fetal goats
Fig. 3 Goat maternal and fetal oxygen
dissociation curves in vivo. Average
maternal blood pH 7.55, average fetal
100 blood pH 7.35.
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as they exist in. vivo are no different from those obtained by tonometry in
vitro. As shown in the last column of Tables 1 and 2, the Po2 of maternal
or fetal blood is described adequately by the nomogramse which express
graphically the modified form of Hill's equation,' log Po2 = K1 - K2pH
.. S
+ K3 log 100- . The fetal oxygen dissociation curve lies to the left of
the maternal under physiologic conditions. Our findings agree with pre-
viously established relationships regarding the affinity of goat blood for
oxygern' and with more recent comparisons of the curves of adult and fetal
speciosa monkeys, showing that results in vivo and in vitro are identical.!
A recent challenge to the use of equations to describe maternal and fetal
oxyhemoglobin dissociation characteristics in the human being and the
sheep6 appears to be invalid in the goat and the Macaca speciosa. The ex-
cellent agreement between oxygen tensions in vivo and in vitro is more
readily demonstrable in the latter two species because of the presence of a
single effective oxygen dissociation curve in each species of animal studied.
In sheep the problem is complicated by differences in the hemoglobin type
within the erythrocyte and by the associated differences in oxygen dissocia-
tion curves.
SUMMARY
The fetal oxygen dissociation curve lies to the left of the maternal under
physiologic conditions in the goat. The positions of the curves in vivo are
the same as those obtained by tonometry in vitro. Equations relating the
oxygen pressure, hydrogen-ion concentration and percentage saturation
describe the oxygen dissociation curves of maternal and fetal bloods ade-
quately in vivo as well as in vitro.
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